Recently, we applied the randomamplified polymorphic DNA polymerase chain reaction (RAPD-PCR) (17) , also known as arbitrarily primed PCR (AP-PCR) (16) , procedure to fingerprint genomes of various varieties and wild relatives of sugarcane ( Saccharum spp.) (4) . Unlike restriction fragment length polymorphism (RFLP) (2) , RAPD-PCR is a simpler, faster, less laborious and less expensive procedure. However, it has a few disadvantages. Most polymorphic RAPD markers are dominant, and therefore, heterozygotes are not accurately distinguished (17) . RAPD markers may not be reproducible between experiments or laboratories (1, 6, 10, 15) . Researchers must standardize RAPD conditions (7, 10) or use RAPD markers that are reproducible at least in a set environment (5, 15) . Another problem that, to our knowledge, has largely been ignored in RAPD-PCR literature is the existence of primer-derived, nonspecific amplification products in negative control reactions containing all the reaction components except for a DNA template. Such primer-derived artifacts were observed by Williams et al. in the original RAPD paper (17) and later by Tingey and del Tufo (13), Tingey et al. (14) and Lanham et al. (9) . Nonspecific products were also observed in negative control reactions with different pairs of universal rDNA primers (3) and with human immunodeficiency virus (HIV)-specific primers SK145/SK431 (7). These artifacts presumably are absent if a genomic DNA template is included in the reaction (7, 11, 13, 14, 17) . We show that 19 of 20 Operon A Kit primers and 4 of 20 Operon C Kit primers (Operon Technologies, Alameda, CA, USA) produced artifact DNA bands in negative control reactions. We further demonstrate that some of these primerderived DNA products were amplified even in the presence of a DNA template. A total of 40 primers from two 10-mer kits (A and C) were tested. All primers have a 60% or 70% G + C content. Without a DNA template, all but OPA-20 of the A kit and four (OPC-02, -05, -08 and -11) of 20 C-kit primers produced polymorphic DNA bands ( Figure 1A , OPA-01, -02 and -11 not shown). The sizes of these DNA products ranged from approximately 100 to greater than 2000 bp. The experiment was repeated twice, and polymorphic DNA bands were produced each time. Amplified polymorphic DNA bands were also produced when the annealing temperature was 34°C or when three other brands of DNA polymerase were used: TaqDNA Polymerase from Perkin-Elmer or Promega (Madison, WI, USA) and AmpliTaq ® DNA Polymerase from Perkin-Elmer ( Figure 1B) . No amplified DNA products were observed when both DNA template and primer were omitted from the reaction or when the primer was omitted from the RAPD-PCR mixture ( Figure 1A ). Contrary to our finding, OPA-17 did not produce any DNA product in a DNA-minus control in another RAPD study (8) .
Reagents prepared in our laboratory
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were checked routinely to assure that PCRs were free of contamination. No amplified DNA bands were observed in negative control reactions involving a pair of either specific (12) or universal primers (unpublished data). We suspected that these nonspecific polymorphic DNA products were amplified from DNA contamination of the primer kits or from the polymerase (3). Two units of this DNase I-treated Stoffel enzyme were used in negative control reactions with primer OPA-10, -17, -18 or -19. Again, discrete DNA bands were produced. This result and the fact that no artifact DNA bands were observed in negative control reactions involving universal rDNA primers (unpublished data) provided strong evidence that there were no residual DNA molecules in polymerase enzyme solutions and that the polymorphic DNA bands shown in Figure 1 were indeed amplified from the primers themselves. We do not know the cause of primerderived amplification. It seems likely that the presence of these products is not due to random annealing. Three lines of evidence support this hypothesis. First, these primer-derived, nonspecific DNA products are fairly large, ranging from approximately 100 to greater than 2000 bp (Figure 1) . Second, most of these products were heatresistant and resumed their doublestranded structure when cooled down gradually to room temperature after To clarify whether these DNA products shared any homologous sequences, the RAPD-PCR products were resolved in duplicate gels (Figure 2A ) and blotted to Zeta-Probe ® Membranes (Bio-Rad, Hercules, CA, USA). Bands a and b were excised from a separate gel and purified using QIAquick ™Gel Extraction Kit (Qiagen, Chatsworth, CA, 1072BioTechniques
Vol. 22, No. 6 (1997) and LCP 86-454 were included in RAPD-PCRs; and (iv) both bands were absent when genomic DNA of CP 79-348 was present. Since the same amount of sugarcane genomic DNA was included in each reaction, we can not explain why adding genomic template DNA prevented primer-derived, nonspecific amplifications in some but not all RAPD-PCRs.
In conclusion, this report describes a common, yet rarely reported, phenomenon in RAPD-PCR: the existence of primer-derived, nonspecific amplification products. Three lines of evidence suggest that it is the intrinsic property of some 10-mer primers that leads to the nonspecific amplification. Such nonVol. 22, No. 6 (1997) specific amplification events are likely to persist, though at an apparently reduced rate, even in the presence of a DNA template. It is recommended that proper controls (e.g., a primer-only negative control) be included in every RAPD-PCR experiment and that only intensely stained RAPD products that do not co-migrate with a nonspecific band from the negative control be used in further analysis. If one wishes to clone an intensely stained RAPD marker that co-migrates with a primer-derived, nonspecific product (for example, band a or b in Figure 2 ), one should expect to obtain two kinds of clones: those that contain the desired RAPD marker and those that contain a primer-derived, nonspecific amplification product.
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